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49. Multiple Choice Two boats statt at the same point and speed
away along courses that form a 110° angle. If one boat travels at
24 rniles per hour and the other boat travels at 32 miles per hour,
how far apart are the boats after 30 minutes?
{A) 2] miles  (B) 22 miles (C) 23 miles
(D} 24 miles {E} 25 miles
50. Multiple Choice What is the measure of the smallest angle in a
triangle with sides 12, 17, and 257

(A)21° (B)22° {C)23°

(D} 24°  (E)25°

Explorations

51. Find the area of a regular polygon with n sides inscribed inside a
circle of radius r. (Express your answer in terms of a1 and r.)

b2+c —at
2abc

cos A

52. (a) Prove the identity:

{b) Prove the (tougher) identity:
a? + b2 + ¢?
2abc
[Hint: use the identity in part (a), atong with its other variations. ]
53. Navigation Two ships leave a comumon
port at 8:00 A.M. and travel at a constant
rate of speed. Bach ship keeps a log
showing its distance from port and its
distance from the other ship. Portions of

the logs from later that moming for both
ships are shown in the following tables.

cosA | cosB  cosC
-a b ¢
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from from from

Time port ship B Time port
9:00 15.1 8.7 9:00 12.4
10:00 30.2 17.3 11:00 37.2

(a) Tow fast is each ship traveling? (Express
knots, which are nautical miles per hour,)

(b) What is the angle of intersection of the co
ships?

(¢} How far apart are the ships at 12:00 noon if they maint;

same courses and speeds?

Naut mi Naut mj

your answer,
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Extending the Ideas

54. Prove that the area of a triangle can be found with the formuls

a* smBsmC

A Area = DanA

65. A segment of a circle is the region

enclosed between a chord of a circle and
the arc intercepted by the chord. Find the
area of a segment intercepted by a 7-inch
chord in a circle of radius 5 inches.
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ises 1 and 2, write the expression as the sine, cosine, or tan-
angle.

 100° cos 100° 2

2 tan 40°
© 1 — tan” 40°

2 sin® 8)2 + 4 sin? & cos? 6
4 sin? x cos® x
rcises 522, prove the identity.

5:3x = 4 cos® x — 3 cos x

$22x — cos? x = sin® x — sin? 2x

2 x — gin x = sin? x tan® x

in 8 cos® § + 2 sin® 6 cos @ = sin 26

C'X —cosxcolx = sinx

wno+sing _ g)
tan # 2

+tan @ 1+<:0H9m
—tanf 1 —coté

S 36 = 3 cos? O sin 6 — sin® @

) Lsecs
2 2sect
igh — o
Obedyweg f‘_r}’_ﬁ_cmz_l}I:{an’y—COt’y
¥ + csct y
sin ¢ ;
s B s b 4 gin
—tan¢ 1—cotg ¢ ¢
L _coslzz -

sec (*Z) + tan (—2) =] +sinz

tcises 3 and 4, simplify the expression to a single term. Support
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/T~cosy 1—cosy [1—siny  |cosvyl
= 18. p = p
17. 1+ cosy |sin ¥} 1+siny I+siny
_I_?m' _tann—1
19. tan | u T T T tng

20. Zsin 4y = sin v cos® y — cos y sin® y

21. tan%ﬁ = cs¢ 3 - cot B

22.arctanr=%arctan -] <<l

1— %

In Exercises 23 and 24, use a grapher to conjecture whether the equa-
tion is likely to be an identity. Confirm your conjecture.

23.secx — sinxtan x = cos x

24. (sin’ @ — cos® a){tan’ o + 1) =tan’ @ — |

In Exercises 25-28, write the expression in terms of sin x and cos x
only.

25. sin 3x + cos 3x 26. sin 2x + cos 3x

27. cos? 2x — sin 2x 28. sin 3x — 3 sin 2x

In Exercises 29-34, find the general solution without using a caleula-
tor. Give exact answers.

3
29, sin 2x = 0.5 30. cosx = N
3t tanx=—1 32. 2sin~lx= V2
33.tanlx=1 34. 2cos2x =1

In Exercises 35—38, solve the equation graphically. Find all solutions
in the interval [Q, 24).

38.sin’x — 3cosx = —0.5
36.cos’x —2sinx—07=0
37.sintx + 2% =
38.sin2x = x° — 5x2+ 5x + 1
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In Exercises 3944, find all solutions in the interval [0, 2ar) without 63. Altitude A bot-air balloon is Graph the function y = §(6) 75. Sum-to-Product Formulas Use the product-to-sum formula
using a calculator. Give exact answers. seen over Tucson, Arizona, Y What value of 0 eives in Exerci e 8
- v byt beervers } at value of ¢ gives the 1n Exercise 74 to prave the following identities, which are called
39.2cosx =1 40. sin 3x = sin x stmuitaneously by two OLSEIVELS minimum surface area? the sum-to-product formulas
mlx—2sinx—3=0 42 2 = at poinis A and B that are 1.75 mi (Note: This answer is quite close ‘ ‘ ulas. -
41. sin® x sin x = . CO8 27 = COs8 f apart on level ground and in line - (o the observed angle i nature.) (a) sinu + sinv = 2 sin ~ cos v
43, sin (cos x) =1 44, cos2x+ Scosx =2 with the balloon. The angles of : . N £ ' . “— v u i v
In Exercises 4548, solve the inequality. Use any method, but give elevation are as shown here. How ) What1s he minimum surface aea? (b sinu = sin v =2 sin cos 2
e ) . : high above ground is the balloon? N able Television Coverage A cable broadcast satelfite § (c) 4 _ u+v u—v
452 oo L for 0 < x <2 “ ~. s a planet at a height % (in miles} above the Farth’s surface, as cos 1 cos v =2 cos 2 2
- £ CO8 A of o rE e 64. Finding Distance In order to 37 own in the figure. The two lines (d) cosu — cos v = —2 sin A ¥ qin KTV
46, sin 2x > 2 cos xfor 0 < x = 27 determine the distance hetween Ak——175mi — from S are’tangent to the Earth’s sin sin 5
47, 2cos x < 1for 0 = x < 2ar two poinis A and B on opposite supace. The part of the Farth’s i s 76. Catching Students Faking Data
” - sides of a lake, a surveyor chooses a point C that is 900 f fro surface that is in the broadeast area 2 pe— Carmen and Pat both need to
48. tan x < sin x for 5 << and 225 ft from B, as shown in the figure. If the measure of th e satellite is determined by the make up a missed physics lab.

ceritral angle 6 indicated in the figure.
ssuming that the Earth is

angle at C is 70°, find the distance between A and B. They are to measure the total

distance (2x) traveled by a beam
‘spherical with a radius of 4000 mi, write A as 2 function of 6. of light from point A to point B
pproximate 6§ for a satellite 200 mi above the surface of the and record it in 20° increments
arth, of ¢ as they adjust the mirror

(C) upward vertically. They report
the following measurements. However, only one of the students

actually did the lab; the other skipped it and faked the data. Who
faked the data, and how can you tell?

In Exercises 49 and 50, find an equivalent equation of the formy = a
sin (bx + ¢). Support vour work graphically.

49.y=3sin3x +4cos3x B0 y=35sin2x— 12 cos 2x

In Exercises 51-58, solve AABC.
Finding Extremum Values The graph of

: _ 1 1
65. Finding Radian Measure Find the radian measure of the’ Y= eosx T yeos 2x+ 3 cos 3x

targest angle of the triangle whose sides have lengths §, 9, an

hown in the figure, The

C a B . r_ T
_ alues that correspond to local | CARMEN PAT
51.A=79", B=33, a=7 66. Finding a Parallelogram A parallelogram has sides of Ximum and minimum :DOEHYS P 2 o P ) -
52.a=35 b=8, B=110° 15 and 24 ft, and an angle of 40°. Find the diagonals. : 2 _Solut%onzs of the equation *ﬂ; *
@ A ax cq e s o g L mx — + 5 = U, C : " ) ”
53.a=8 &=3, B=30 67. Maximizing Area A trapezoid is inscribed in the upper halfo 0;-{ stn Zx + sin 3x 0, 600 24.4 160 24.5
_ ax : ofve this equation algebraicatly, 140 25.6" 1407 25.27
B . g= 147, A=293° (C=733° unit circle, as shown in the ¥ 4 . - - .
° ’ ° ’ ﬁgure : SuppOrt your SOIUUO!’I ﬁSll’lg S 1200 28'0"’ 1209 26 4}1
BB, A=34°, B=T74° ¢c=35 - graph of y, (27, 27] by [-2. 2] 100° 31.2" 100° 30.4"
B6.c=4]. A=7229° C=551° {a) Write the area of the ner Tri . . -

' ’ . ' trapezoid as a function of . #eyt=1 ) g frigonometry in Geometry A regular hexagon 80 3767 80° 352"
b7.a=35, =7, ¢=6 ' s¢ sides are 16 cm is inscribed in a cirele. Find the area inside 60° 480" 60° 48.0"
BS.A =85 a=6 b=4 {b) Find the value of 8 that \ “circle and outside the hexagon. 40° 7047 40° 34.0”

.. 2] Y, o ) '
Tn Exercises 59 and 60, find the area of AABC. maxmﬁ{fies tgeth area of the A ; - sing Trigonometry in Geometry A circle is inscribed in 20 138.4” 20° 1384"
. trapezoid and the maximum (-1, 0) 4.0 gular pentagon whose sides are 12 cm. Find the area inside the
59, a = 3, b=35, ¢=6 60. a=10, b=6, C =50 area. agon and outside the circle. 77. An Interesting Fact about {sin A)/a The ratio (sin AY/a
61.If ¢ = 12 and B = 28°, determine the values of b that will produce 68. Beel.xivg Cells A single cell in_a sing Trigonometry in Geom etry A wheel of cheese in that shows up in the Law of Sines shows up another way in the
the indicated number of triangles: beehive is a reguﬂar. hexagpﬂal prism Rear shape of a right circular cylinder is 18 ¢m in diameter and 5 geomeiiry of AABC: It is the reciprocal of
(a) Two {h} One {€) Zero open at the front with a trihedral cut of cell the radius of the circumscribed circle.

62. Surveying a Canyon Two markers A and B on the same side
of a canyon rim are 80 ft apart, as shown in the figure. A hiker is
located across the rim at point C. A surveyor determines that
£BAC = 70° and LABC = 65°,

(a) What is the distance between the hiker and point A?

{b) What is the distance between the two carryon rims? (Assume
they are parallel.)

at the back. Trihedral refers to a
veriex formed by three faces of ,

a polyhedron. It can be shown that
the surface area of a cell is given by

S(8) = 6ab + §b2 (cot A+ \6),
2 sin

where ¢ is the angle between the axis of
the prism and one of the back faces, a is
the depth of the prism, and & is the
length of the hexagonal front. Assume
a=1751in. and b = 0.65 in.

1 thick. If a wedge of cheese with a central angle of 15° Is cut
Om the wheel, find the volume of the cheese wedge.

roduet-to-Sum Formulas Prove the following identities,
Which are called the product-to-sum formulas.

? SHL i 8in v = ~2—(cos (0 — v} — cos (u + v))

) cos i cos v = %{cos (e — v} + cos {u + v))

(6)_' SN cos v = %(sin (u =+ v) + sin (u — v))

(a) Let AABC be circumscribed as shown in
the diagram, and constract dizmeter €4’
Explain why £ A'BC is a right angle. ¢

(b) Explain why # A’ and £A are congruent. 4

(¢} If 4, b, and c are the sides opposite angles A, B, and C as

usual, explain why sin A" = a/d, where d is the diameter of
the circle.

{d) Finally, explain why (sin AYa = 1/d.
(e) Do (sin B)/b and (sin C)/c also equal 1/47? Why?




